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Bases can be reversed by the simple introduction of additional co-cataiyst. 
control electrostatic charge is also disclosed. 

Background of the Invention 

or bulk polymer.zat.ons us.ng he well ^^^^J^ acids , phe no.s. water, oxygen and oar- 

White arch (emanation of lite -wcaon ,e rev«a it*>, ,1 5 ™ ° t ^°™ reactl0 „, carbon oxide, 

cartxrn oxides torn monomer i. DM r»».ed 

still further, results In considerable downtime of lire reactor V»m- 4 551 i50 s. |„ that 

ular weight distribution. .. f rsmun IHB IVB VB. VIB or VIII metal 
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zation reaction which uses a metal locene/aluminoxane catalyst system and, if need be. completely terminate 
such reaction but do so in a completely reversible manner. 

Summary of the Invention 

By virtue of the present invention. It has been found that Lewis Bases are capable of controlling i the , rate 
of J fdS? poTyrner^ation reaction which uses a meta.locene/aluminoxane cataryst system and. if need be. 

in equilibrium affects the overall olefin polymerization rate. 



r ■ <d,^=^ MPtAllocene 'Lewis Base + Alurninoxane 
Metallocene + Aluminoxane + Lewis Base Metaiiocene 

Metallocene + Aluminoxane -Lewis Base 

from that of U.S. Patent No. 4,326,048. 

. ■ aMA pn — Metallocene • CO + Aluminoxane 

Metallocene + Aluminoxane + CO «£ ^ •, 

k 

Metallocene + Aluminoxane '00 



The Lewis Bases are meant to include alcohols, ketones, ethers, aldehydes, carboxylic acids, esters, car- 
wh ch may be characterized as Lewis Bases, wniun die uoou « » M A enq in which a 
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is pres.-. .« .he * « p-* U» 
cTl nSSJe and the I ke If a positive electrostatic charge is present, then a negative charge generating 

Wi " A^IrfnVneTriSreTthe present invention is directed to a method for reversibly controlling 

zone preferably where such Lewis Base is selected from the group cons.st.ng of alcohols, ketones^ ethers, 
aldehydes t ooxylic acids, esters, carbonates, phosphines, phosphine oxides phosphates. Phosphrtes 
aSS^Sles, alkoxy si.anes, aluminum a.koxides. water, oxygen, nitnc ox,des, or comb.nat.ons 

the Tnan alternative embodiment, the present invention is directed to a method for reversibly terminating an 

action ^selected from the same group as that used to control the activity of the olefin polymenzat.on reaction 
in a further embTd ment. the present invention is directed to a method for term nafng and nestertmg an 
olefin iymeLtl reaction in which alpha-olefins are polymerized using the react.on product of a rn^to- 
tSZSZZL aluminoxane as an olefin polymerization catalyst 

^ t*\ aHHinn an effective amount of Lewis Base to the reaction zone to terminate the reaction, ana men w 
M^T^^^f aluminoxane to the reaction zone to reinitiate the polymerization react,on. 

35 Detailed Description of the Invention 

Gas phase reactions for the production of olefin polymers are well known in the art Such , gas _ phase r^ 

1^8 1 £ V ISSS, an used nerei'n. a "po.yolefin" is meant to include homopo, = copoly- 
mei and terpolymer; of alpha-olefins and may optionally contain dienes, aromabc compounds wrth v.nyl un- 

^r" Have from 2 to 12 carbon atoms and 

SS^SS^'nd. having vinyi unsaturation which also may be optionally polymerized wKh 

^ Th e^^^^ are cyolopentadieny, derivatives of a Group fVB, 

VB IS r^! mei! ofle Periodic Table and inciude mono, di and tricyclopentadienyls and their derives 

methods in accordance with the present invention are represented by the general formula. 

(C 5 Rx)yR z(C 5 Rm)MQn- r 1 

yiTmetal of from Groups IIIB to VIII of the Periodic Table of the Elements; 
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and (ftRJ are the same or different cyclopentadienyl or substituted cyclopentadienyl groups bonded 
R * the same or different and is hydrogen or a hydrocarby. radioa. suoh as a.kyl. 

aryWlkyl radical oontaining from 1 to 20 carbon atoms or two carbon atoms are jo.ned together to form a C 4 

5 k is 7crC substituted or unsubstituted alkyiene radical, a dialkyi or diary, germanium or silicon, or an alky, 
or aryl phosphine or amine radical bridging two (CgRJand (C 6 RJ rings, 

Q iTa hydrocarby. radica. such as aryl, alky., **><*. a.kylary1. or aryl alky. ^J^^TSJSSK 
atoms, hydrocarboxy radical having from 1-20 carbon atoms or halogen and can be the same or different from 

10 each other; 
zisOor 1; 
y is 0, 1 or 2; 
z is 0 when y is 0; 

n is 0, 1, 2, 3, or 4 depending upon the valence state of M; 
,5 Stherm^tlilocene po.ymerization catalysts which are suitable for use in the present invention correspond 

to the formula: 



z 

20 I \ 

Cp* Y 
\ / 
M 
I 

(X)„ 
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M h fea'metal of Grow MB to VIII or Lanthanlde-a of the Perlodio Table of the H"""* 
^".oyefopetui^ 

^^Z^XIIZ^IT^L, an, optton* Cp. «- z«-r - > 
atoms; 

"Sustrative lit non-limiting examples of the compounds represented by the above formula are. 



dimethylsilyl 

methylphenylsilyi 

diphenylsilyl 

tetramethyiethylene 

ethylene 

diphenylmethyiene 



cyclopentadienyl 

fluorenyl 

indenyl 

tetramethyl cyclopentadienyl 



t-butylamido 
phenylamido 
cyclohexylamido 



oxo 



chloride 
methyl 



M 



titanium 
zirconium 
hafnium 
yttrium 



The aluminoxanes are we., known in the art and comprise *^^^^^^Z 
be formed by reacting water with an alkylaluminum compound and compnse oUgomenc linear and/or eye. *y 
aluminoxanes represented by the formula: 
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RMM-0VA1R H 2 

I 



for oligomeric, linear aluminoxanes; and 



-[--Al-O-V 
w | 

R n 

15 for oligomeric, cyclic aluminoxane; wherein 
s is 1-40, preferably 10-20, 

PftSgR^Z*** methyl and an ary. radical such as a substtuted or ^substituted pheny. 
" TeTeJll^inlhe preparation of aluminoxanes from, for exampie. aiuminum trimethyi and water, a mbcture 

^JZZ^TLo^soWent Alternatively, the aluminum alky., such ^ aluminum 
beconZted with a hydrated salt such as hydrated ferrous sulfate. This latter method compnses treatmg < a 
ItesSuSon of aluminum trimethy. in. for example, toluene with a suspension of ferrous ^M-^SSS or 
It is also possible to form methylaluminoxanes by the reaction of a tetraalkyld.aluminoxane conte.mng C* or 
hiohe alS groups with trimethylaluminum using an amount of trimethylaluminum wh,ch .s less than a sto<> 
n ometl excess The synthesis of methylaluminoxanes may also be achieved by the reacfon of a tnalkyla- 
SmTum cSLn o^aSraalkyldialumiJoxane containing C 2 or higher alky, groups with water* , tonr .a , po.y- 
LTvl alummTxane which is then reacted with trimethylaluminum. Further, methylalum.noxanes. wh.ch are ateo 
k own trdmL almLanes. may be synthesfced by the reaction of a ^"^t 
C 2 or higher alky, groups with trimethylaluminum and then with water as d,sdosed .n, for example. U.S. Patent 
No. 5,041,584. 

The preferred metallocenes may be represented by the general formula: 

35 (CsRxJyR^CsRnJMQn- y 1 

wherein: , ,^ _, , 

Mis a metal of Groups 1MB to VIII of the Periodic Table of the Elements; ^„ h «h 
TcIrJ TnS (C,fS art the same or different cydopentadienyl or substituted cyclopentad.eny. groups bonded 

R is the same or different and is hydrogen or a hydrocarbyl radical such as alkyl. *W °r*> > f^-° T 
ar Jalkyl radical containing from 1 to 20 carbon atoms or two carbon atoms are jo.ned together to form a C 4 - 

RMs'a'ci-C* substituted or unsubstituted alkylene radical, a dialkyl or diaryl germanium or silicon, or an alkyl 
or arvl Dhosphine or amine radical bridging two (C 5 Rx) and {C^) nngs; , . on „„rh«n 

Q is a hydrocarbyl radical such as aryl. alkyi. alkeny.. alkylary. orary. alkyl ^J^SJSSSS 
atoms, hydrocarboxy radical having from 1-20 carbon atoms or halogen and can be the same or d.fferentfrom 

each other; 
zisOorl; 
y is 0. 1 or 2; 
so z is 0 when y is 0; 

n is 0. 1, 2. 3, or 4 depending upon the valence state of M; 

^reaction products of the metallocene and aluminoxane which are generally solid materials when pro- 
duced in Sato solvents and oils when produced in aromatic solvents can be recovered by any well known 
55 Squ Fi exa^TSe "lid material can be recovered from the liquid by vacuum filtration 

The oi «an be recovered by decantation. and when dried, become glassy solids. The recovered matenal .s 
t^reafrdried ZZ " steam of pure dry nitrogen, dried under vacuum, or by any other conven.ent manner. 
The recovered solid is the cataiytically active material. 

6 
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The amount of aluminoxane and metallocene usefully employed in preparation of the crtdyttoa* active 

in the range of from about 10:1 to about 1 0.000:1 , and more preferably .n the range of from about 50.1 to about 

2,0 °?he po.yo.ef ins formed when using metaHocene/aiuminoxane cata.yst syste ms may 
dienes. Samples of suitable non-oonjugated dienes are straight < *a,n ; -^hc d'enes "^^^ 
1 5-hexadiene 1 7-octadiene, 1,9-decadieneand 1,6-octadiene; branched chain acyclic dienes such as 5 me- 
ny^lThexadle^ 

Ene'and dihydrocinene; sing.e ring alicyclic dienes such as ^^^^^^'^ 
cycloctadiene and 1,5-cyc.ododecadiene; and multi-ring al.cycl.c fu * e ? b ^ 

hvdroindene methyl tetrahydroindene, dicyclopentadiene. bicydo-(2.2.1)-hepta-2,5-diene^ alkenyi. aiKyii 
Sene cycloaltenyi and cydoalkyiidene norbornenes such as 5-methylene-2-norbornene. ^P^"° " 
b ZeTtS^e.2.Z>or n en^ 5-(4-cyclopenteny.)-2-norbornene. 5-cydohexy1,dene-2-norbor- 

nene co^:^ - - - — - part - *° cata,yst systemt 

' f "tS l£is Bases which are applicable for use in the present invention and which are capable of reducing 
theacX^^ 

aTn wfi Snatnl f ully reversib.e. include ethers, alcoho.s. ketones. a.dehydes ^rboxylic acids^es- 
ters. carbonates, phosphines. phosphine oxides, phosphates, phosphites, amines, amides, mtnles. alkoxy 
lanes, aluminum alkoxides. water, oxygen, nitric oxides, and the like. monoethers diethe rs tetra- 

tho othore inriudP alinhatic ethers cycloaliphat c ethers, aromatic ethers, monoethers, oietners. leiro 
etheJ Too ZE^SmZS*/ "seful ethers are aliphatic monoethers. and cycloaliphatic mono- 
SS5l t » atoms. Other particularly usefu. ethers are aliph f ^ diethe ^' f"^" 
doShS Sera containing from 3 to 20 carbon atoms. Sti.l other particular* Wu. rtu^»m*c 
ethers aliphatic triethers. and aliphatic tetraethers containing from 7 to 20 carbon atoms. Preferred ethers are 
2^'yfSer | dX ether, tetrahydrofuran, dioxane. 2.5.8,11.14-pentaoxopentadecane. methoxy benzene. 

^Z^mZuoIs include aliphatic aicohols containing from 1 to 20 carbon atoms g.ycoU i con- 
taining £om 2 to 20 carbon atoms, aromatic alcohols and cycloaliphatic alcohols containing from to « carton 
atoms Praferred alcohols are methyl alcohol, ethyl alcohol. 2-ethyl-1-hexano.. cyclohexanol. ethylene glyco.. 

9,y t, n rt e ^ 

ketones containing fmm 3 to 20 carbon atoms. Other particular^ useful ketones ™™ 
tainino from 8 to 20 carbon atoms and aliphatic diketones containing from 5 to 20 carbon atoms P'efeireo 
ketones arT acetone, cyclohexanone. 1 ,4-cydohexanedione. acetophenone. benzophenone. acety.acetone, 

pSiT-ef u. aldehydes are aliphatic a.dehydes containing from 2 to 20 carbon 
aldehydes conLning fmm 7 to 20 carbon atoms. Preferred atoehydes are aceta Idehyde ^and JenzaWehyde^ 

Particularly usef ul esters are aliphatic monoesters, cycloaliphatic monoesters, and cycloaliphatic diesters 
containSmm 3 to 20 carbon atoms. Other particularly useful esters are aromatic esters containing f ram 8 
to 20 caSon aToms and aliphatic diesters containing from 5 to 20 carbon atoms Preferred es era are methyl 
L Jtate ethvl acetate e-caprolactone. methyl benzoate, diisobutytphthalate, and dimethyl malonate. 

P^Sarry ^uSu. aSydes are alipha«c aldehydes containing from 2 to 20 carbon atoms and aramat.c 
aldehyd ^nLLng fmm 7to 20 carbon atoms. Preferred a.dehydes are acets 

Particularly useful carboxylic acids are aliphatic carboxylic acids containing from 2 to 20 carbon atoms 
and Z^S^^Zsto^ fmm 7 to 20 carbon atoms. Preferred carboxylic acids are acet.c acd 

pSarlyusefu. carbonates are aHphatic and cycloaliphatic carbonates containing , f rem ,3 > to 20 carbon 

Se, tlethy. phosphate, triisopropyl phosphate, triphenyl phosphate, tncyclohexy. phosphate, tnmethyl phos 
phite. triisopropyl phosphite, triphenyl phosphite, and tricyclohexyl phosphite. 



• 
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Particularly useful amines and amides contain hydrogen, aliphatic moiety 
aromatic moieties with from 6 to 12 carbon atoms, cycloaliphatic moiet.es w.th from 4 to 12 carbon atoms and 
mTre Zeo^efarred amines and amides are trimethyl amine, triisopropv. amine, tnpheny. amine, tncy- 
Sohejl amine. N. N-dimethyl analine. N-ethylacetamide. N, N-dimethy1benzam.de. and acetate 

Particularly useful nitriles contain aliphatic moities with from 1 to 12 carbon 
from 6 to 12 carbon atoms, and cycloaliphatic moieties with from 4 to 12 carbon atoms. Preferred nrtnles are 

aM p n artSar n . d y si.anes contain hydrogen, aliphatic moities with from 1 to 12 carbon ^ ar- 

omaHcmo^eHes with from 6 to 12 carbon atoms, cycloaliphatic moieties with from 4 to 12 carbon atoms, and 
S S leof Pre eied alkoxy si.anes are phenyltrimethoxysilane. n-propyltnmethoxys. ane. cyclohe^- 
tomXxysilane. cyciohexyitriethoxysilane. diphenyidimethoxysilane. disobutyld.methoxys.lane. d-f.buty.dH 

moieties with from 6 to 12 carbon atoms, cydoaliphaticmoief.es with from 4 to 12 carbon atoms and matures 
ZZTprt ^lerreTaluminum alkoxides are diethylaluminum ethoxide, diisobuty.a.uminum ethox.de, dnsobuty- 
laluminum isobutoxide, diphenylaluminum ethoxide. and dicyclohexylaluminum ethoxide^ 

The Lewis Base may be added to the polymerization reaction by a vanety of met hods depe j£0 "P°J 
the polymerization process being used and the form of the Lewis Base. It may be added .n the neat font, or J 
may be Xd as a dilute solution. Depending upon the solubility of the Lewis Base, appropnate d.luents may 
include the monomer or a hydrocarbon such as toluene or isopentane. 

The Amount Xwis Base that is utilized to reduce the activity of the olefin polymerizahon , react.on us.ng 
ametlcTne/lminoxane^ 

elude the specific Lewis Base being used, the specific metallocene compound that .s present, the spec f .c 
mmoxane impound that is present, the reaction temperature, the molar ratio of alum.noxane to metoHo«me^ 
toe spedf ic olefin(s) that is (are) present, and the concentration of the olefin used .n the po ymenzat.on reao 
ion G ^e at fa multifunctional Lewis Base is uti.fced to reduce the activity of the otofln 
he extent of the reduction in polymerization activity will be greater than that observed wrth an equrvalent 
amotnfof a monoLctiona. LewisBase. The amount of Lewis Base required to reduce the acfvty of a poly- 
merization reaction will be less if a low aluminoxane/metallocene rat.o is utilized. 

Generally, a molar ratio of multifunctional Lewis Base to metallocene ,n the 
about 10.000 when the aluminoxane/metallocene molar ratio is in the range of from about 2 to about ' oa 000 
Seduce the activity of the catalyst system by about 10 to about 1 00%. In a ^^^^^ 
ratio of multifunctional Lewis Base to metallocene is in the range of from about 2 ^ about 1^.000 when the alu 
minoxane/metallocene ratio is in the range of from about 50 to about 10,000, and w.ll reduce the acfvrty of 

100 fwle toe aluminoxane/metallocene ratio is in the range of from about 1000 ^ a bo"t 100000 w. reduce 
the activity of the catalyst system by about 10 to about 100%. In a preferred embod.ment. the molar ra .o of 
mumSnSona Lewts Base to metaLcene is in the range of from about 100 to about 1000 when the alum.- 
uoZeT^oLe ratio is in the range of from about 1000 to about 10000. and will reduce the achvity of the 

ca xr u r 9 ^ 

icallyless than that which would be used to terminate the reaction. Generally, the Lews Base must be chosen 
such that it qenerates charge which is opposite of that which is present in the reactor. 

Th functional groups that may be present on the Lewis Base which drive the static charge towarc I pos.t.ve 
values include alcohols containing up to about 7 carbon atoms, oxygen and nitnc ox.de. The func groups 
that may be present on the Lewis Base which drive the static charge toward negative values include ketones 

containing up to about 7 carbon atoms preferably acetone and methylisobutyl ketone. 

An important advantage of the present invention is the ability to effectively and economical y reverse the 
reductionTn acuvity caused by the introduction of the Lewis Base, even if the reduction in act.vi y results in 
^ suoTtantlue minauon of toe reaction. In particular, after the addition of the Lewis Base to ether reduce 
toe ac5 t of toe Iminoxane/metallocene catalyst system or to substantially terminate tad^» 
zation reaction using such a catalyst system, the introduction of additional aluminoxane to the reacfon s.to 
cCle^e'estoe reduction in acLity brought about by the Lewis Base, even if such actonty _was sub- 
stantially terminated. Indeed, in some instances, the activity of the reaction after reinitiation ,s even higher than 
the activity of the reaction prior to being terminated by the addition of the Lewis Base. 

ThTamount of additional aluminoxane needed to be introduced into the reaction site so as to reverse the 
reduction or termination in activity of the metallocene is dependent upon the amount of Lewis Base that was 
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added to control the activity of the metai.ocene. the specific Lewis Base that was added \ as well 

ratio of aluminoxane to metallocene that was present during the polymenzation reaction. Jn^'J^T™™ 

^metallocene ratio as well as the ratio of Lewis Base kill agent to that of metallocene present in the catalyst 



The gas phase olefin polymerization reaction systems in which the present invent.on is use fu <»™P" S ° 
a reactor'vessel to which Lfl monomer and catalyst components can be adde - ^J^^J 
forming polyolef in particles. The present invention is not limited to any specif ic type *«"JJ"JE*^ 
el I very general terms, a conventional f luidized bed process for producing resins is 
LTaseous sJeam containing one or more monomers continuously through a r^S^SSSE 
active conditions and in the presence of catalyst at a velocity sufficient to ma.nta.n the 
fn a suspended condition. The gaseous stream containing unreacted gaseous monomer ,s w'* draw " * r ° m * e r 
^SSS^mJU cooled and recycled into the reactor. Product ^^^^"^ 
and make-up monomer is added to the recycle stream. Standard operating condibons may be ^ubtaed in the 
gas Zst realr system when using Lewis Base additives to control or substantially terminate reaction ao- 

tMt One of the liquid phase olefin polymerization reaction systems in which the present invention is , useful is 
. °"! , J , u I Patent 3 324 095 The liquid phase olefin polymerization reaction systems generally com- 
SriiiStSTS whfch oSn monomer P and cata.yst components can be added and ^ "£2 
Squid reSn medium for dissolving or suspending the po.yo.efin. ^r^SSTS^S 

~n» 

Kl„«,n» toluene and the like The present invention is not limited to any specific type of solution, slurry, or 

ducino resins is conducted by continuously adding one or more monomers to a reactor under eact we . conm- 
Jons fnThe presence of catalyst at a concentration sufficient to maintain the reaction medium in a f\u hriata. 
Se reaSJe wntert between the olefin monomer and the catalyst should be maintained by consta rtrtmng 
Ir agtetfon oS Taction mixture. The reaction medium containing the polyolef in product and 

3ESS5S3SSSS3S: 

minate reaction activity. 
EXAMPLES 

Synthesis of diohenvlmethylenefcvclopentadien y n (9-f luorenyQzirconium dichloride. 
45 A. (Cyclopentadienyl)(9-fluorenyl)diphenylmethane. 

Asolution of n-butyl lithium in hexanes (75 ml. 187.5 mmol) was added dropwise under nitrogen to a: stirred 
soluSonof3u?45g(183mmol)fluo 

The^arfc SI collected, combined with ether washings of the aqueous fraction, and stopped I of most 
If thelolvent on a rctary evaporator, leaving an orange slurry. 250 ml diethyl ether were added to tf» slurry 
55 ZXZ££~ Stared and the solid washed with additional ether The solid was dned In vacuo overnight, 
yielding 31.09 g (cyclopentadienyl)(9-fluorenyl)diphenylmethane (43/»). 
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B. Dfflthio(cyclopentadienyl)(9-fluorenyl)dip henylmethane. 

A solution of methyl lithium in diethyl ether (115 ml. 161 mmol) was added dropwise to 30 98 g (78 i rmnol) 
( cydopenidienyl)(9-fluorenyl)diphenylmethane slurried in ca. 500 ml THF held at O'C. Following the addrtto^ 
£r s Son was a lowed to warm to room temperature. After 2 hr. most of the solvents were removed from 
Se bS^lutonTvaouo and 400 ml hexane were stirred with the red slurry overn.ght. T« s ^ 
was Sectod on a filter and dried for 3 hr in vacuo. 38.99 g dilithio(cyc4o P entad.enyl)(9-f luorenyOd.phenylme- 
thane bis(tetrahydrofuran), 90%, were obtained. 

p. Dj D henvlmethvlene(cyclopentadienyl)(9 -fluorenyl)zirooniumdichloride. 

To a slurry of 38.99 g (71 mmol) dilithio(oyclopentadienyl)(9-fluorenyl)diphenylmethane 
an) in 2* i Sane waTs.owiy ad'ded 16.6 g (71 mmol) solid ^^^^^^^Z 
was stirred at room temperature overnight The resulting slurry was centnfuged to settle the soi.as i ne su- 
p^rnS was^moved by cannula and discarded, while the solid residues were dned ,n vacuo for SUM hr 
The ^ 

chloride, 45.57 g (100%). The abbreviation for this catalyst is DPZ. 
DEFINITIONS: 

MMAO in heptane- Solution of Akzo Modified Methyl Aluminoxane Type 3A in heptane 6.2% aluminum by 
weTh°M»JAO? P ^ Solution of Akzo Modified Methyl Aluminoxane Type 3A in propane 2.5% alum.num 
by weight 

25 Example 1 

. o nif mnpn f illed drv box a 0 4777 g (1 .89 umol Zr) aliquot of an orange solution containing 0.0104 g 
DPZ 4%T 5 9 g^ 

of MMAO in heptane. The resulting purple solution was stirred for 5 m.nutes, *en tranced to ■ P nnoon 
° "T no C oro Pressure-Lok® syringe. 500 ml of hexane and 20 ml 1-hexene were added to a one ter au- 
ISSJSSSwSTdrt^ bating at a temperature of greater than 96«C under . stream of mtrogen. 
Se cootooto 60«C. The reactor was heated with stirring to the desired polymerizat.on temperature of BSC. 
Z n pressurized with 40 psia of hydrogen and 100 psia '^f^g^^SSS^Z 
of ethylene to the reactor was suspended, the reactor was cooled by 5°C to 80 C the catalyst solution was 
addld to the reactor via syringe, then ethylene was continually added to the reactor to maintain a constan 
oressure of 150 psig. The reaction temperature was maintained at 85°C for 12 m.nutes then °-1 <f a ™ 
aaent Zns sttoa of a 1.0 molar solution (100 umol. 53 killer/Zr ratio, 5.1 Al/killer rat.o) of dimethyl ether m hex- 
ane we" Z oed K fthe reactor via syringe. The reaction exotherm disappeared and ethylene 
creased to 8% of the level before the kill, i.e., the activity of the catalystwas reduced by 92/. ^«mm~«. 
Se rector tlperature was stabbed at 85°C and the polymerization reaction was re.nitiated by *e addit on 
To 5 m ( 200 umol Al) MMAO in heptane via syringe. A reaction exotherm reappeared, after 13 m.nutes the 

o toe kilfagent ZESSISm (4800^01 Al cumulative) of MMAO in heptane was added, after 5 mmutos 
toe tempeSure was stabilized, and the catalyst activity was approximately 60% of the -^P™*£*» 
he Son of the kill agent. The polymerization was performed for a total of ^ 
was recovered for a catalyst productivity of 30300 g/mmol Zr. The polymenzation prof.le for the ent.re reac 
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tion is shown in Figure 1 . 
Examples 2-27 

The hexane slurry polymerization procedure of Example 1 was followed using the conditions listed in Table 

I. 
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A gas phase ethylene po!ymerization with DPZ was killed with tetrahydrofuran and the kill was reversed 
IZrcri h B rt hack mixed reactor A set of four "plows" 12 mounted horizontally on a central shaft rotate at lau 
troeThan the mechanically fluidizable volume due to the vertical cylindrical chamber 16. totals 54.6 liters. A 

SS?pS« probe 22 in a thermowel. protruding into the bed at a 60« angle below honzontal. 
^^TsTn^^measu^ with a Union Carbide Corp. static probe calibrated for -as— 
a port in ™re£™XZ vertical, protruding about 5 cm into the bed between the inner set of plows (not 
^Tonomer feed was passed into the reactor via inlet 24 and comonomer feed via inlet 26. The comonomer 

were paS thmuth a precontact coil 36 f mm which the mixture was then passed to the inject* .assembly 
£ where ^nitogen from inlet 40 was provided to be-mixed with the catalyst mixture for ,ntroduct,on into the 

25 ^ The reactor was charged with a 1.4 kg bed of 1 melt index 0.92 density ethylene/1 -butene copolymer, dried 

m M «,.r P d at 6 minute intervals by a gas chromatograph analyzer (not shown). An initial cnarge ot mivim^ 
JS inTm" l^^T*^ P^r to starting catalyst feeding in order to scavenge any poisons present 

^TSimolar solution of DPZ catalyst in methylene chloride was pumped into a continuous stream of 
M^OinoTo^ 

fa I foe Sr in proportion to the DPZ feed rate of approximately 31 nWhrTh.s murture waefed 

mmol) tetrahydrofuran in 200 ml isopentane was pressurized into the reactor. The m ™™™°™^™£ 
oeTed causing the reactor temperature to fall to 60»C. and ethylene was not being consumed by the . c^st 
Afterf^oS 

production rate steadi.y increased as the MMAO inventory in the reactor .ncreased After .5 hours 20C mmol 
additional Al had been added to the reactor and the catalyst ethylene consumption was 1 .8 kg/hr o ^approx 
mato y Tu% of t e rate before the kill. The polymerization was then terminated by quickly J"* 
cooling to ambient temperature, and purging monomers from the resin w.h O^Z 
ular resin product was then discharged from the reactor. The product had a 5.0 dg/min me.t index. 0.934 g/ml 
density. 0.89 mm average particle size, and 0.40 g/ml settled bulk density. 
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Amethod for reversibly controlling the activity of an olefin polymerization reaction which uses the : react on 
product of a metallocene compound and aiuminoxane as an olefin polymerization cata^st compnsm the 
Stion of a Lewis Base containing an available pair of electrons capable of forming a dative bond to both 
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the metallocene and the aluminoxane. 

A method as claimed in Claim 1 , wherein the Lewis Base is selected from the group ™™ f 
aShols ketones aldehydes, carboxylic acids, esters, carbonates, phosphines. phosph.ne ox.des, phos- 
T^Z^ ^es amides, mtri.es. alkoxy si.anes. aluminum alkoxides. water, mtric oxides and 
combinations thereof. 

Amethod as daimed in Cairn lorCaim 2. wherein the amount of ^J£^5E^^2 
of the reaction by an amount of from 30 to 100% is in a molar ratio of from 0.1 to 10.000 based on the 
Present when the aluminoxane/meta.iocene molar ratio is in the range of from 2 

to 100.000. 

A method for reversibly terminating an olefin polymerization reaction which uses the reaction product of 
a me aJocene compound and aluminoxane as an olef in polymerization catalyst co ^ns. n 9 the ad^t on 
of?Lewis Base containing an available pair of electrons capable of forming a daUve bond to both the 
metallocene and the aluminoxane in an amount effective to substant.ally term.nate the react.on. 

A method as claimed in Claim 4, wherein the Lewis Base is selected from the group consisting of ethers, 
tE^ZZ£S***m. carboxylic acids, esters, carbonates, phosphines. phosph.ne ox,des phos- 
phTtes phosphites, amines amides, nitri.es. a.koxy silanes, a.uminum alkoxides. water, n.tnc oxides and 
combinations thereof. 

Amethod as daimed in Cairn 4 or Cairn 5. wherein the amount of Lewie 

of the reaction by an amount of from 30 to 1 00% is in a molar ratio of from 0.1 to 1 0.000 basea on tne 
a2t™?ZZ™ae present when the aluminoxane/meta.locene mo.ar ratio is in the range of from 2 
to 10,000. 

Amethod for terminating and restarting an olefin polymerization reaction which use s the .reaction product 
of a metallocene compound and aluminoxane as an olefin polymerization cata^st compns.ng_ 

padding a Lewis Base containing an available pair of electrons capable of orrn.ng a ^e bond to 
both the metallocene and the aluminoxane in an amount effective to substantially term.nate the reac- 

ILTimroducing an amount of aluminoxane into the reactionzone sufficient to restart the polymerization 
reaction. 

Amethod as daimed in Claim 7. wherein the Lewis Base is selected from the group consisting of ethers. 
aSols ketones, aldehydes, carboxylic acids, esters, carbonates, phosphines. phosph.ne -ides. Phos- 
phates, phosphites, amines amides, nitriles. alkoxy silanes. aluminum alkoxides. water, n.tnc ox.des and 
combinations thereof. 

Amethod as daimed in Claim 7 or Cairn 8. wherein the amount of Lew* 

of the reaction by an amount of from 30 to 100% is in a molar ratio of from 0.1 to 10 000 based on the 
loun^rJlocene present when the aiuminoxane/metal.ocene molar ratio is in the range of from 2 
to 10,000. 

A method as claimed in any one of Claims 7 to 9, wherein the amount of a'^inoxane > needed to restart 
ttereaction is at least 50% of the amount of aluminoxane originally present dunng the reaction. 
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(Do) aJtueiaduiai 




(unii/j) MOfci auaiAipa 
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FIG. 2 
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